The role of ATP and free ADP in metabolic coupling during fuel-stimulated insulin release from islet beta-cells in the isolated perfused rat pancreas.
The isolated perfused rat pancreas was used to test the hypothesis that total cellular ATP or the ratio of ATP/free ADP plays the primary role in coupling intermediary metabolism to the biophysical events that are the basis of glucose-stimulated insulin release. The pancreas was preperfused for 20 min with 4.0 mM of a physiological mixture of 20 amino acids plus 4.2 mM glucose, and insulin release was then stimulated for 150 s by suddenly increasing the glucose to 8.3 mM. The pancreas was sampled at 24, 48, 72, and 150 s after the switch. The content of total ATP, ADP, AMP, Pi, phosphocreatine, and creatine were measured in beta-cell enriched cores of pancreatic islets microdissected from freeze-dried pancreas cryostat sections. Metabolites were measured by quantitative histochemical enzymatic cycling techniques. Modeling studies were carried out to assess the impact of biochemical analytical results on the membrane potential of the beta-cells. The level of free ADP was calculated using the creatine kinase equilibrium reaction and an intracellular pH of 7.2. First phase insulin release was stimulated at least 10-fold with the maximum reached 45 s after adding high glucose. The biochemical analytical data demonstrate that the total cellular level of the putative coupling factor ATP and of the ratios ATP/free ADP and ATP/free ADP x Pi are not significantly influenced by a glucose level change that causes a more than 10-fold surge of insulin release. The strength and limitations of the present experimental strategy and the implications of the results for our understanding of metabolic coupling in glucose-stimulated insulin release are discussed.